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INTRODUCTION 
In this two part study, we report detailed boundary layer and w a k e  
measurements of the flow field about a double circular arc compressor b l a d e  
in cascade. The measurements were made at an iiicidencc angle o f  5 degrc.cls niid 
a chord Reynolds number of 500,000. The study prov  i dcs n w(s I L docurncntc~d f'l o w  
field of some complexity which can be used to develop o r  LtLst future 
generations of computational codes. 
In the first part of this study, we described the test facility and 
experimental methods and provided an analysis of the data. This analysis 
involves the presentation of the boundary layer and wake flow data in standard 
graphical formats rather than in listings of raw data. We recognize that this 
presentation, although best for studying the physics of  the flow field, may 
not be adequate for computational comparisons. 
In this second part of the study, we make the data accessible to 
computational comparison by presenting the raw data in tabulatcd form. We 
also give, through example, a detailed description of our analysis procedure. 
Data developed with this analysis procedure are a l s o  presented in t n h u l ; ~ t e d  
form. A computer tape containing the data is available. 
FLOW FIELD 
The flow field through the cascade of double circular arc compressor 
blades was established at a chord Reynolds number of 500,000. Figure 1 
shows the blade geometry as well as the results of the inlet and outlet flow 
measurements. The incidence angle of 5 degrees leads to the blade 
static-pressure distribution shown in Figure 2 and tabulated in Tables 1 
2 
and 2. 
coefficients are p1 - - 4 1 4 . 3  Pa and PT 
measured on a blade with this static-pressure distribution can include 
layers that are laminar, transitional, turbulent, or separated depending on 
the location of the measurement. These iiieasureinents are first treated 
statistically and then analyzed to determine the boundary layer 
characteristics. The techniques by which we chose to analyze the boundary 
layer data is described in the following sections. 
The reference static and total pressures used in defining the pressure 
- 2 4 6 . 1  Pa. Boundary layers 
1 
RAW DATA 
The raw data i s  given in Tables 3 through 27. In general, we present 
mean velocity, local turbulence intensity, skewness, kurtosis, and percent 
backflow (reverse flow) as a function of position from the blade surface. 
For positions from 2.6% chord to 5 3 . 6 %  chord on the suction surface, the 
measurements were made using a laser Doppler velocimeter (LDV) with no 
frequency shifting; and hence, no percent backflow could be measured. 
Neither the skewness nor the kurtosis were calculated for these same 
positions. The remaining boundary layer and near-wake measurements were made 
using a frequency shift of 5 MHz. The far-wake measurements of Table 2 1  were 
made with a five-hole probe rather than a LDV. Each data point in Tables 3 
through 27 is averaged over several (usually 6) experiments. The tables 
include these average values and deviations based on 95% confidence bands 
as determined by Student's t test. Mean and turbulence quantities are 
calculated in the usual manner; that is 
Local turbulence i n t e n s i t y  is taken as u' /u  and turbulence i n t e n s i t y  i s  
taken as u ' /Ue,  where Ue is the  boundary l a y e r  edge velocit-y 
NORMAL PRESSURE GRADIENT 
Surface c u r v a t u r e ,  blowing, o r  s u c t i o n  may induce s i g n i f i c a n t  stream1.iric 
cu rva tu re  i n  a flow. Streamline cu rva tu re  i n  t u r n  causes a normal p re s su re  
g r a d i e n t  which r e s u l t s  i n  a c ros s  s t r eaml ine  g rad ien t  i n  the  i n v i s c i d  v e l o c i t y  
p r o f i l e .  A s  shown i n  Figures 3 and 4 ,  t he  f reestream v e l o c i t y  does no t  reach 
a c o n s t a n t  value ( t h e  edge v e l o c i t y ,  U,). Boundary l a y e r  ana lyses ,  however, 
assume t h a t  t he  l o c a t i o n  o f  t h e  boundary layer  edge i s  known and t h a t  a 
c o n s t a n t  f reestream v e l o c i t y  e x i s t s  ou t s ide  t h e  boundary l a y e r .  
formulate  a boundary l a y e r  a n a l y s i s ,  the procedure must account f o r  t he  e f f e c t  
of t h e  normal p re s su re  g r a d i e n t .  
To use o r  
Mellor and Wood [ 1 9 7 1 ]  and B a l l ,  Reid, and Schmidt [1983] o u t l i n e d  one 
method which accounts f o r  these e f f e c t s .  The method assumes t h a t  the measured 
v e l o c i t y  p r o f i l e s  r ep resen t  composite p r o f i l e s .  This implies  t h a t  each o f  the 
p r o f i l e s  has  a region where t h e  viscous effects  predominate, a r eg ion  i n  which 
v i scous  e f f e c t s  are n e g l i g i b l e ,  and an intermediate  region i n  which t h e  
v i s c i d - i n v i s c i d  r e s u l t s  match. Mathematically, t he  measured composite p r o f i l e  
i s  t h e  sum of a boundary l a y e r  p r o f i l e  and an i n v i s c i d  p r o f i l e ,  l e s s  what 
appears  i n  both.  
v e l o c i t y ,  Ue. That is 
The l a s t  quan t i ty  i s  commonly c a l l e d  t h e  boundary l a y e r  edge 
Umeas = ub!?, + Uinv - U e  . 
C l e a r l y ,  both t h e  boundary l a y e r  v e l o c i t y  % and the measured v e l o c i t y  
4 
u,,,eas must go to zero at the wall, so that 
Ue = (Uinv) wall 
and the scheme reduces to finding the value of  the edge velocity. 
The validity of applying this procedure t o  velociLy &it-n is d i f f i c u l t :  t o  
establish. However, it does nllow for ;I cons istcnt mct-liod to nnal.yzt rnc>;isr;l-ctl 
velocity profiles provided that the inviscid region CHII tic properly idcritified 
from the data. There does not appear to be a rigorous way to do this, so  that- 
as in the prior reported study (Deutsch and Zierke [ 1 9 8 4 ] ) ,  a consistent 
method which produces plausible results is adopted. 
A least-squares technique is used to fit a polynomial to the inviscid 
velocity profile. Since the inviscid profiles may have significant curvature, 
the analysis provides an option of fitting the inviscid profile with a linear, 
quadratic, o r  cubic polynomial. The difficulty lies in choosing the data 
points to be included in the least-squares analysis. To minimize this 
problem, the number of data points used in the polynomial fit w a s  varied. 
First, the maximum number of points, Nmax, which could possibly be within the 
inviscid region was determined. For ap/ay > 0 (as an example see Figure 3 ) ,  
Nma, is taken to be the number of points between the point furthest from the 
wall and the point of maximum velocity. For  ap/dy < 0 (as an example see 
Figure 4 ) ,  the data point at which the profile slope changes by at least SO% 
is used instead of the point of maximum velocity. For the data in Figure 3 ,  
Nma, was determined to be 19, while Nmax was found to be 24 for the data of 
Figure 4 .  
Ninv 5 0 . 9 5  N, the value of Ue is relatively independent of the number of 
points in the fit. This is clearly shown for the data of  Figures 3 and 4 in 
Table 2 8 .  Each polynomial was extrapolated to the wall to obtain Ue and a 
mean and a standard deviation of all values of Ue were determined. 
of the polynomial was chosen to minimize the standard deviation of Ue. 




standard deviations have been observed to be quite small (- 0.5%). A u 
profile was calculated using the mean value of Ue and a polynomial fit of 
uinv. 
determine Ue as the Ue found in this way was consistently close to the average 
Ue. 
calculate the boundary layer thickness, 6 .  6 is taken at the position at 
which 
We used, Ninv = 0.75 Nmax as the number of  data points in the fit to 
A smoothed spline fit of the boundary layer velocity profile was used t o  
u = 0 . 9 9  ue . 
Figures 5 and 6 show the reconstructed boundary layer profiles (triangles) 
corresponding to Figures 3 and 4 .  A s  might be anticipated, the effect of the 
normal pressure gradient does not penetrate far into the boundary layer. 
Deutsch and Zierke [ 1 9 8 4 ]  discuss the plausibility of this approach by 
comparing plots of the shape of the resulting turbulence intensity versus 
normalized distance from the wall ( y / S )  against classical measurements. They 
conclude that the technique does indeed give reasonable results. It should be 
noted that Kiock [ 1 9 8 3 ]  developed an alternate method of  accounting for tho 
effects of the normal pressure gradient using the equations f o r  the bouritlnry 
layer parameters. That technique was found here, however, to be too difficult 
to employ. 
SPLINE FIT 
Comparisons between boundary layers are often made in terms of simple 
integral thicknesses or their ratios (shape factors). 
In order to calculate the boundary layer integral parameters, the 
analysis m i s t  fit the velocity d3ta p i n t s  with a mathemstical curs7e. A. 
parametric cubic spline was used for the curve fit. This curve parametrically 
develops the u and y o r d e r e d  p i i r s  as independent f u n c t i o n s  of t h e  overall 
6 
arc length of the curve. 
appears in the profile. 
spline fit. Near the wall, a parametric cubic spline was fit between the data 
point nearest to the wall and the zero velocity poiiit that would occur at tllc 
wall. For boundary layer profiles not well resolved in thca near-wall 1-egioii, 
this latter fit represents the largest potential error In tlic calculation 0 1  
the integral parameters. Figures 7 and 8 show t he  c n l c u l a t c d  spline fits to 
the boundary layer profiles of Figures 5 arid 6 .  
Even this curve fit tends to oscillate when a CUST) 
Therefore, a smoothing routine was added to the 
BOUNDARY LAYER INTEGRAL PARAMETERS 
The most common of the parameters which characterize the boundary layer 
are integral thicknesses based on the conservation of mass, momentum, and 
energy. In effect, the boundary layer acts to displace the streamlines in the 
flow outside the boundary layer away from the wall. A displacement thickness, 
6*, can be defined as the distance by which the solid surface would have to be 
displaced to maintain the same mass flowrate in a hypothetical inviscid f l o w .  
For steady, incompressible flow, S can be defined ais * 
U m 
&* =lo - ue -Idy 
6* is probably the most fundamental integral thickness and is commonly used as 
a normalizing factor in presenting data since the alternative, the boundary 
layer thickness, is difficult to measure. A momentum thickness, 6 ,  can be 
determined from the steady, incompressible momentum equation as 
0 -  i (1 - L>dy . 
'0 'e ue 
The momentum thickness represents the momentum l o s s  due to the presence of  [.lie 
boundary layer and is proportional to the drag when no strcamwise pressure 
7 
gradient exists. Many empirical correlations use the momentum thickness. 
Finally, a steady, incompressible energy thickness can be defined as 
Reynolds numbers can be formed based on all three of these integral 
thicknesses using the boundary layer edl;e velocity. 
useful in describing the boundary layers just before, during, and j u s t  after 
transition. 
They are especially 
Some parameters describe the shape of the velocity profile. The first 
and second shape factors of the velocity profile are defined as 
6* 
H12 - ;r 
and 
Note that the definitions require that both shape factors be greater than 
unity. For laminar boundary layers, the first shape factor lies between 3.5 
and 2 . 3 .  
turbulent boundary layer in which H12 lies between 1.3 and 2.2. 
separation takes place at a value of H 1 2  near 3.5 while turbulent separation 
takes place at a value of H12 near 2.2. 
Transition brings about a considerable drop in H 1 2  giving a 
Laminar 
In the current study, the integral parameters and shape factors were 
found by integrating the spline fit using a trapezoidal rule with very f i n e  
spacing. Values of these parameters and the associated Reynolds numbers are  
given in Table 29 for each of the profiles shown in Figures 7 and 8. Based on 
the work of Purtell, Klebanoff, and Buckley [1981j  and Murlis, Tsai, and 
Bradshaw [1982], one would anticipate that the Reg for the profile o f  Figure 8 
is too low to support turbuiencc. 
8 
SIMIYiRIm SOLUTIONS FOR LAMINAR BOUNDARY LAYERS 
For a constant streamwise pressure gradient, laminar boundary 1 aye r s  c<Ln 
be plotted in such a way as to collapse them all to the  samc curve. Such 
laminar boundary layers are said to be s c l f - s i i n i l , i r  and s o l u ~ i o i ~ s  f o L I ~ c \  
boundary layer momentum equations may brh so lved  u s i i i p ,  i i  s i i i i i  l ' i r i t y  : :o lu t io t i  
A similarity solution reduces the I1unibc.r of vaL-ial)l<><: i r i  I I I P  cqu.at i o i i  1 )y  11s in , ;  
a coordinate transformation. The bourid,iry 1 aye]- i i i o i n c b n t  u i i i  c b c i i i a (  i o11 t o r  c ; t  cbntly 
flow can be written as 
Several different coordinate transformations have been used for similarity 
solutions. One such transformation is the Levy-Lees t rnnsf ormat ion ( s ( > c  
Cebeci and Smith 119741)  which is given as 
and 
where 
These transformation variables are for an incompressihle flow with a constant 
value of  viscosity. 
and a reference length, respectively. A similarity function, f, can then be 
defined from the streamfunction, $, as 
The variables Uref and 1 refer to n reference velocity 
9 
and 
The boundary layer momentum equation foi- s t e a d y ,  
be transformed into the following differential c'qusti oii 
incomprcs..: i b l c  flow cdti now 
f"' + ff" + B(1 - f'2) = 2 E ( f ' f i c '  - fE'y 
B is a streamwise pressure gradient par,met e r  and  must be determined from the 
measured streamwise static-pressure distribution. These measurements are also 
required to determine the values of ( .  When f has a prime for a superscript, 
it refers to a derivative with respect to q .  A dt,rivative with respect to E 
is noted by a subscript e .  
Falkner and Skan [ 19311 developed R similarity solution for laminar 
boundary layers flowing over wedges with constant streamwise prt.ssure 
gradients. In terms of the Levy-Lees coordinates, the Falkner-Skan solution 
involves no changes in the direction. Thus all derivatives with respect to 
(of f) are zero and the boundary layer momentum equat-ion Lor steady, 
incompressible flow reduces to the following ordinary tiiffc.rerit i a l  equation. 
f"' + ff" + p(1 - f'*) = 0 
The present boundary layer analysis solves this equation using the solution 
scheme of Hoffman [1983]. The Falkner-Skan solution represents a very good 
approximation of the laminar boundary layer solution in two cases: first, when 
the streamwise pressure gradient changes only slowly in the streamwise 
direction, and second, near the leading edge o f  the boundary layer surface 
10 
( s i n c e  < i s  very small  and t h t  Levy-Lees transfo~-inc>d eqiint ion i s  npproxiiiiatt~ci 
q u i t e  well by the Falkner-Sknri e q u a t i o n ) .  I n  t l i e  pi-rviou.; cLqiiation w l l c i i  i c ;  
equal  t o  z e r o ,  the Falker-Skaii soltitioii rctlttces t o  the  o i - i ! ; i i i a l  s i i n i  1 , iL - i ty  
s o l u t i o n  of Blasius [ 19081 f o r  laminar 1)oundary l a y e r s  w i t l i  no strcainwi:;e 
p re s su re  g rad ien t .  Separat ion of the laminar boundary l a y e r  w i l l  occur f o r  J. 
with a va lue  o f  - 0 . 1 9 9 .  
Figure 9 compares the p r o f i l e  of  Figure 8 with a Fnlkner-Skan p r o f  i 1 at 
an equ iva len t  p .  Although thc  streamwise p r e s s u i e  gradicrlt i s  not  c o n s ~ ; i n t  
h e r e ,  t he  comparison i s  q u i t e  p,ood. Tlic, p r o f i l r  o f  Figure 8 ( v i a  Figur (ns  4 
and 6 )  is  laminar.  I n t e g r a l  pnr , imc . t c . r s  and  s k i i i  f r i c t  ioii v a l u r s  c a n  1)c. 
computed from the Falkner-Sknn s o l u t i o n .  These < 3 r c  prcsentcAtl i n  Tab1 e 2 9  ; 
where appropr i a t e  they are compared t o  the va lues  c , i lculatcd from the s p l i n e  
f i t .  
WALL-WAKE VELOCITY PROFILE FOR TURBULENT BOUNDARY L A Y B  
Turbulent  boundary layers  are commonly divided i n t o  d i f f e r e n t  rcAgions. 
The innermost region i s  dominated by viscous shea r  arid is  s e l f - s i m i l a r  Por a l l  
t u r b u l e n t  boundary l a y e r s .  This region is  c a l l  t h e  viscous xiib1ayc.r arid i s  
descr ibed by 
or 
where u+ and y+ are c a l l e d  inne r  v a r i a b l e s .  
f r i c t i o n  v e l o c i t y .  
t h e  v e l o c i t y  i s  logari thmic with d i s t a n c e  a s  
uT i s  c a l l e d  the  shear  o r  
Outside of  the sublayer  b u t  s t i l l  very c l o s e  t o  the wall, 
u+ -- l u ( y " )  I (; 
n 
11 
The viscous sublayer and logarithmic region overlap in a region called the 
buffer layer. Collectively the sublayer, buffer layer, and logarithmic layer 
are called the "law of the wall." 
essentially no effect on this region. Outside of this wall region, the 
streamwise pressure gradients are important and the velocity profile exhibi?~ 
a wake-like form. Coles [1956] developed an equation for the wake region 
called the "law of the wake." 
function added to the logarithmic equation. 
written as 
Streamwise pressure gradients have 
H i s  composite equation included a wake-like 
This wall-wake equation can be 
where 
W is called Cole's universal wake function and is normalized to be zero at the 
wall and to be two at y - 6. 
the streamwise pressure gradient and has a value of  approximately 0.5 for a 
zero pressure gradient flow. Coles and Hirst [1968] later examined the data 
from a number of turbulent boundary layer experiments and determined that the 
von Karman mixing length parameter, n,  should be 0.41 and the law-of-the-wall 
constant, C, should be 5.0. 
Coles' wake parameter II brings in the effect of 
The analysis of turbulent boundary layers should include a fit o f  the 
data to the wall-wake equation. A least-squares fit of the data to the 
equation was chosen with u7 and II as the variables to be determined and S 
considered to be a known quantity.* The error between txach data point and ttie 
wall-wake equation is 
*An attempt to use all three variables (uT, II, and 6) in a least squarer; 
scheme produced inconsistent results. 
1 2  
Now t h e  minimum e r r o r  squared of a l l  t he  d a t a  p o i n t s  must be found with 
r e s p e c t  t o  both uT and II. Taking t h e  p a r t i a l  d e r i v a t i v e  of t h e  e r r o r  squared 
f o r  each d a t a  po in t  with r e s p e c t  t o  ur and ll y i e l d s  
Q 
and 
Summing f o r  a l l  t h e  d a t a  p o i n t s  and s e t t i n g  the  two expressions equal  t o  ze ro  
g ives  two equations 
,-l 
and 
which can be solved simultaneously f o r  u7 and II t o  g ive  the minimum squared 
e r ro r .  
Sun and Childs  [ 19761 presented a s i m i l a r  method f o r  compressible tu rbu len t  
boundary l a y e r s  u s ing  the  v e l o c i t y  t ransformation of' van D r i e s t  [1951] .  
A secant method i s  used t o  solve the simultaneous non- l inear  equations- 
I n  o r d e r  to use t he  fit  of the wall-wake equa t ion ,  t h e  range of da t a  
p o i n t s  t o  be used i n  the  fit  must be considered.  White [ 1 9 7 4 ]  s t a t e s  t h a t  the 
loga r i thmic  region does n o t  ho ld  f o r  y+ < 35 (corresponding roughly t o  
y/6 < 0 .02) .  For a l a r g e  wake component, Coles and H i r s t  [ 1 9 6 8 ]  s t a t e  t h a t  
t h e  r eg ion  being f i t  should n o t  include y/6 > 0 . 9 .  They suggest  t h a t  this 
number should be reduced t o  0 . 7 5  f o r  a zero streninwise p re s su re  g rad ien t  and 
0 . 6  f o r  a vanishing wake component. Here t h e  region 0 . 0 5  5 y/S 5 0 .75  was 
13 
Figure 10 shows the data of Figures 7 (via Figures 3 and 5) in inner 
variables. 
Table 2 9 .  
Parameters determined from the wall-wake fit are given in 
Streamwise pressure gradients can have a strong effect on the outer 
region of a turbulent boundary layer. 
values of Il of -0.5, 0.5, 0.5, 2.0, and 5.0 are shown in Figure ll(a) f o r  
Typical profiles at an Reg of  5,000 for 
illustration. 
logarithmic region. 
5,000, and 10,000 and a Il of 0.5. 
logarithmic region for a Reg of  500. 
We should note that the value of Reg controls the size of tht. 
Shown in Figure ll(b) are profiles for Reg of 500, 1,000, 
Note the difficulty in discerning a 
Most analyses, short of direct computation, consider boundary layers in 
which the pressure gradient is constant, so that the profiles are self-similar 
with downstream distance--so called equilibrium layers. Clauser [1954, 19551 
conceived of a parameter 
6" dp, 
Bc - - rw dx 
to characterize equilibrium. Here rw is the wall shear stress. A turbulent 
boundary layer with a constant Bc has outer region similarity and is called an 
equilibrium turbulent boundary layer. All of the gross properties of that 
boundary layer can be described with a single parameter. Clauser (1954, 19551 
chose the parameter G ,  where 
/ and 
G is called Clauser's shape factor and A is termed the defect thickness. 
Values of G and A for the profile of Figure 7 are 
1 4  
G - 19.47 
and 
A - 142 .1  mm . 
The t u r b u l e n t  boundary l a y e r  p r o f i l e s  on the  cascade blade are  non- 
equ i l ib r ium.  
than t h e  exception. 





t h e i r  experimental d a t a  is  
- 0 . 2 6 8  10-0.678 H 1 2  Cf =: 0.246 Reg 
f r i c t i o n  c o e f f i c i e n t  ( C f ) ,  wa l l  shear  s t r e s s  ( rW)  and f r i c t i o n  v e l o c i t y  
can be r e l a t e d  by 
-. 
UT = 
The f r i c t i o n  v e l o c i t y  c a l c u l a t e d  from the L u d w e i g - T i  I I i n n r i  cxxprcsssion 
ag rees  w e l l  with t h a t  c a l c u l a t e d  from t l i c .  w a l l  -w;iktl f i t  
s e p a r a t e d  tu rbu len t  p r o f i l e s  measur-cd. 
f o r  a11 the lion- 
TRANS I TI ON 
Trans i t i on  r e p r e s e n t s  t he  region 
becomes t u r b u l e n t .  The l eng th  of the 
among o t h e r  parameters,  t he  strearnwisc 
turbulence i n t e n s i t y .  The incomplete 
p r o f i l e s  is  s l iowr i  i l l  Fi y,ure 12  . I { ( .  I-(2 
i n  which a laminar boundary l a y e r  
t r a n s i t i o n  region depends s t r o n g l y  on, 
p re s su re  gradierit  and t he  f reestrenm 
I I- , l i isi t ion of  t h c  p re s su re  s u r f n c c  
I t ran:; i t L o t i  i 5, t c >  i.iii(,(l i i i c o i i i 1 ) l  ( > I  c> * I - ;  
15 
the profile at 9 7 . 8 %  chord does not contain a logarithmic region. 
is below that believed capable of sustaining full turbulence. Note the 
comparison with the Falkner-Skan profiles, particularly the thickening of the 
profile in the near-wall region. 
A l s o ,  Reo 
WAKES 
Initially, the analysis of the wake profiles proceeds in the snmc mnnnc’i- 
as the analysis of the boundary layer profiles. Since the static pressurc i:, 
normally constant across the wake, the analysis docs not Ii‘ive to account for 
a normal pressure gradient. A spline is  used to curve fit the data points 
from the point of minimum velocity to the last point in the freestream on 
one side of the wake. Integral parameters can then be calculated for this 
side of the wake. The analysis is repeated on the other side of the wake. 
The integral parameters for the entire wake can be found simply by summing 
the parameters for each side of the wake. 
asymptotically to 1.0 as the wake mixes out. 
One would expect 1112 to decay 
Wake similarity requires different length scales on tlic pressure 
side, Lp, and the suction si&, L,, o f  t tie wake,. 
on the pressure and suction sides of the wake c e r i t c ~ r l i ~ i ( *  1 r o i n  111e point of. 
I T  n 1 ~ 1  I , < ;  arc’ the di s t arices 
minimum velocity to a point where the velocity c i c f e c - t  i s  (Up - u~1,)/2 
Lakshminarayana and Davino [1979] suggested a Gaussian distribution to 
correlate the wake data, 
where is the distance across the wake normalized by the appropriate length 
scale. One would expect that only far wakes would show simil.arity with this 
type of correlation 
1 6  
ANALYSIS OF CURRENT DATA 
The ana lys i s  t h a t  has  j u s t  been desc r ibed  w a s  c a r r i e d  ou t  on the  
r a w  d a t a  of Tables 3 through 2 7 .  After  accounting f o r  t h e  normal p re s su re  
g r a d i e n t ,  we computed the boundary l a y e r  edge v e l o c i t y  and the  boundary l a y e r  
thickness  f o r  the boundary l a y e r s  on the p re s su re  s u r f a c e .  Table 3 0  shows 
these  va lues  along with t h e i r  s tandard d e v i a t i o n s .  The computed value of  
S a t  2 . 7 %  chord is doub t fu l .  The measured v e l o c i t y  p r o f i l e s  were then 
r econs t ruc t ed  t o  o b t a i n  the  boundary l a y e r  v e l o c i t y  p r o f i l e s  a s  shown i n  
Tables 31 through 4 1 .  These t a b l e s  alc;o i n r ludc  the prof i l e s  o f  turbulciicc 
i n t e n s i t y  which were obtained using thc- values o f  [I,, givc.11 i n  T,ible 3 0 .  
The reconstructed boundary l a y e r  p r o f i l e s  on the p re s su re  Surface 
w e r e  s p l i n e  f i t  and i n t e g r a t e d  t o  o b t a i n  the va r ious  boundary layer  
parameters.  Table 42 shows these  parameters.  W e  no t e  he re  t h a t  
throughout t h i s  analysis ,  t he  value of  p was taken as 1.205 kg/1n3 
the  va lue  of v w a s  taken as 0.150 cm2/sec. 
5 . 9 % ,  and 14.4% chord were s o  s m a l l  t h a t  t he  i n t e g r a t i o n s  t o  f i n d  0 and 
63  are quest ionable .  
9 7 . 9 %  chord s ince t h i s  w a s  the  o n l y  chord posit i o n  whc;rc; :.li(? boundary 
layer i s  nea r ly  f u l l y  t.urhulcrit. Table G3 shows  the t )o r i r id ; i ry  
l a y e r  parameters f o r  the p re s su re  su r face  as o l ) t a i  i i e d  f 1 - o i n  thc l+’alkn<>r- 
Skan s o l u t i o n .  
and 
The boundary l a y e r s  a t  2.7%, 
The Ludweig-Tillman equat ion w a s  only evaluated a t  
We analyzed t h e  s u c t i o n  su r face  boundary l a y e r s  i n  a s imilar  manner. 
Table 44 shows the  va lues  o f  Ue and 6 (and t h e i r  s t anda rd  d e r i v a t i o n s )  while 
Tables 45 through 55 show the  r econs t ruc t ed  boundary l a y e r s .  Table 56 shows 
the boundary l a y e r  parameters obtained using the  s p l i n e  f i t  of  the d a t a  while 
Table 57 shows the  parameters obtained us ing  the  l e a s t - s q u a r e s  f i t  of the da t a  
t o  the  wall-wake equa t ion .  The w;~ll-wiike cqunLion  is not v a l i d  f o r  th(. 
detached l a y e r s  i i  t 811 . 78  aiid ‘111 . 9% (.}101-d. ’ j q L i 1 )  I ( -  I) / ; I  I !io s l i o w s  vti I i i c b s  of. C i -  
1 7  
obtained from d i r e c t  measurements w i t h i n  the viscmis sub laye r .  
o f  t h i s  r e p o r t ,  w e  d iscussed the  s i m i l a r i t y  d e t e c t  l a w  f o r  t u r b u l e n t  
boundary l a y e r s  developed by Perry and Schofield [ 19731 . 'I'hc length and 
v e l o c i t y  s c a l e s  of t h i s  s i m i l a r i t y  l a w  a r e  given in Table 5 8  for t h e  
boundary l a y e r s  on the s u c t i o n  su r face .  
I n  P a r t  1 
Tables 59 and 60 show the v e l o c i t y  and turhulericc intc .nsi ty  p r o f i l c s  
i n  t h e  nea r  wakes. The f a r  wake, shown i n  Table 6 1 ,  has no turbulence 
i n t e n s i t y  va lues  s i n c e  we measured t h i s  wake with a slow response f i v e -  
h o l e  p re s su re  probe. Af t e r  sp l ine  f i t t i n g  each s i d e  of  these wakes, we 
determined the  boundary l a y e r  i n t e g r a l  parameters and the s imi l< i r i  t y  1eiigtl.i 
scales.  Table 62 shows these  parameters f o r  t he  p re s su re  s i d e  oE the wakes 
while  Table 6 3  shows t h e s e  parameters f o r  t he  s u c t i o n  s i d e  of the wakc.s. 
CONCLUSIONS 
W e  have presented a two-part r e p o r t  which desc r ibes  measurements of 
t h e  flow f i e l d  about a double c i r c u l a r  arc compressor blade i n  cascade a t  
an incidence angle  of 5 degrees and a chord Reynolds number o f  500,000. 
P a r t  1 of t h e  r e p o r t  d e s c r i b e s  the f a c i l i t y ,  t h e  measuremcnt techniques,  
and the  physics  of the flow f i e l d .  I n  t h i s ,  Part 2 of ~ I I C  s t u d y ,  b o t h  
t h e  r a w  and analyzed d a t a  a r e  presented €n a t a b u l a t e d  form with tllc hope 
o f  encouraging computational comparisons. A l s o  i n  P a r t  2 ,  we include the 
d e t a i l s  of t h e  procedure which allowed us t o  analyze t h e  r a w  d a t a .  Other 
analysis techniques are  poss ib l e  and t h e i r  r e s u l t s  might u s e f u l l y  be 
compared wi th  what we have given h e r e .  
We have p l a c e  thls tabulated d a t a  on a computer t ape  and the tape i s  
a v a i l a b l e  t o  o t h e r  r e s e a r c h e r s .  We should a l s o  no te  t h a t  s imi la r  
measurements a t  a d d i t i o n a l  incidence angles  a r e  c u r r e n t l y  being completed. 
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aspect r a t  io 
i n t e g r a l  l a y e r  thickness  i ri [tie I ’ c ~ r r y  anti Sctiof i c‘l rl 1 9  / ‘ j  1 
theory 
blade chord l eng th  
law-of- the-wal l  cons t an t  (= 5 . 0 )  
skin f r i c t i o n  c o e f f i c i e n t  = 7 / ( p U  / 2 )  
s t a t i c - p r e s s u r e  c o e f f i c i c n t  = ( p  - p1)/(pvl/2) 




s i m  i l a r  i t y  f uric t j on 
Clauser‘s  shape f a c t o r  
f i r s t  shape f a c t o r  = 6*/0 
second shape f a c t o r  = 63 /8  
incidence angle  = /?I - “1 
kur t o s  is 
reference length 
pressure and s u c t i o n  su r face  l eng th  s c a l e s  fi-oii i  the  po in t  o f  
minimui v e l o c i t y  t o  a po in t  whc1-C. tho vt.1oc.i [ y  dc.€ect i s  
(Ue - UCL) /2 
l a s e r  Doppler velocimeter  
data  poi.nt index 
number of  d a t a  p o i n t s  
number of  d a t a  p o i n t s  i n  the i n v i s c i d  r e y , i o n  
maximum number of  d a t a  p o i n t s  t h a t  could p o s s i b l y  be i n  the 
i n v i s c i d  region 
s t a t i c  p re s su re  
s t a t i c  p re s su re  a t  t tic boundary 1;iycr t l c l y , c ~  




























reference Reynolds number - RUref/v 
blade chord Reynolds number = cVI/v 
momentum thickness Reynolds number = BUe/v 
blade spacing 
s kewne s s 
s t reamw i se ve 1 oc i ty 
root m e a i l  square v a l u e  of- the t u i - ~ ~ ~ t l c ~ i i ~  vc’loc.ity fluctuation 
dimcnsioiilcss velocity i r i  the t r i i i t ~ r  boutrtl;rry 1ayc.r - u/u7 
boundary layer velocity 
shear of  friction = JT~/P 
inviscid velocity 
- 
measured composite velocity 
velocity at the boundary layer or wake edge 




Coles’ universal wake function -- 2 s i n 2 (  ) 1 - cos( ) 
streamwise coordinate 
coordinate normal to the blade surface 
dimensionless coordinate normal to the blade surface in inner 
boundary layer variables 
Falkner-Skan streamwise pressure gradient parameter; f l o w  ang le  
measured from the axial direction 
Clauser’s equilibrium parameter 
stagger angle 
boundary layer thickric-s;s (where u . 0 .  c)cl U t , )  


























deviation angle = /32 - ~2 
de f ec t th ic kne s s 
normalized distance across t h e  wnkc.;  dinic~n:; i o n 1  P:;S n o i - i l i a 1  
similnri t y  variahle 
i n o m c n  t un t h i c kr i c s s 
Von Kariiinri's mixing l e n g t h  p'irnocst c.1- ( 0.14 1 ) ; blade m e t a  I 
angle 
kinematic viscosity (0.150 cm /sec for a i r )  2 
dimensionless streamwise similarity variable 
Coles' wake parameter 
fluid density (1.205 kg/m3 for air) 
blade solidity = c / s  
wall or surface shear stress 
camber angle = 61 - " 2  
streamfunction 
2 total-pressure l o s s  coefficient =- ( P T  - P,r ) / ( p  V1/2) 
1 2 
at the wake center1 
the ith data point 




data point index 
pressure 
ine 
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Figure 2. Blade Static-Pressure Distribution ( T h e  Vertical Line 
Segments Represent t h e  Locations of LDV Measurements) 
( P  - Pressure Surface; S - Suction Surface) 
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P r e s s u r e  S u r f a c e  Boundarv Laver  a t  57.2% Chord ( a D / a v  < 0) 
Ninv U,, m/sec 6 .  mm 
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T a b l e  28 .  V a r i a t i o n  of IJ, a n d  6 w i t h  t h e  Numer of P a r t s  used i n  t h e  
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J,ayer a t  53.62 Chord 
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4 496  
7.362 
( 1 )  Calculated f rom the Ludweig-Til lman Equa t ion .  
Spl  in61 F i t  
Tab le  79. Boundary Laye r  Parameters 































































































































































































































38.100 21 .24 
(m/s) - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - - ~ - - - - - - - -  - - - -  
- - - - - - -  - - - - _ _  ___ ._ -  _ _ _  - 
‘I’u rbu 1 cncc 
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0 . 0 2 9  
0.029 
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0 . 0 3 1  
Table 31. Reconstructed Boundary  Laye r  a t  2 . 7 8  o n  t h c  P r c , s s r r r c L  S u r T a ~ ~ t ~  
7 5. 
Y 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - _ - - - - - - -  
0 .317  19.76 
0 . 3 8 1  22 .33  
0 .508  23 .70  
0 .762  23 .82  
1 . 0 1 6  23 .92  
1 . 5 2 4  23 .96  
2.032 23 .89  
2 .540  23 .88  
3 .810  23 .79  
5 .080  23 .72  
6 . 3 5 0  2 3 . 6 7  
7 . 6 2 0  2 3 . 7 1  
8 . 8 9 0  2 3 . 6 9  
10.160 23 .65  
11 .430 
12 .700  
13 .970  
15 .240  
1 6 . 5 1 0  
1 7 . 7 8 0  
















23 .70  
2 3 . 7 1  
23 .70  
2 3 . 7 1  
23 .72  
23 .72  
23 .76  
23 .72  
23 .70  
2 3 . 7 0  
23 .70  
2 3 . 6 8  
2 3 . 7 1  
23 .69  
23 .70  
23 .66  
2 3 . 6 2  
23 .67  
23 .74  
2 3 . 7 2  
2 3 . 7 3  
2 3 . 7 1  




0 . 0 7 1  
0 . 0 4 7  
0 . 0 4 2  
0 . 0 3 4  
0 .026  
0 . 0 2 4  
0 .025  
0 .023  
0 .025  
0 . 0 2 5  
0 . 0 2 4  
0 . 0 2 4  
0 . 0 2 3  
0 . 0 2 4  
0 . 0 2 3  
0 . 0 2 4  
0 .025  
0 .025  
0 . 0 2 4  
0 . 0 2 4  
0 . 0 2 3  
0 . 0 2 4  
0 . 0 2 4  
0 . 0 2 3  
0 . 0 2 3  
0 . 0 2 4  
0 .023  
0 .023  
0 .022  
0 . 0 2 3  
0 . 0 2 4  
0 . 0 2 4  
0 .025  
0 . 0 2 4  
0 . 0 2 5  
_ _ _ _ _ _ _ _ _ - - _ - _ - _ _ _ _ _ _  
Table 3 2 .  Reconstructed Boundary Layer a t  5 .9% Chord on the  Pressure 
Surface 
76  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - - . - - . - . - . . - - - . -  
U Trirbu 1.cncf: 
1 n tcms i t;y 
Y 
_ _  . - -  (m) (m/s) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . - -. . - 
0 . 2 5 4  9 . 7 0  0 . 0 7 5  
0 . 3 1 7  1 3 . 5 9  0.0’74 
0 . 3 8 1  1 7 . 2 4  0 . 0 8 0  
0 . 4 4 4  2 0 . 2 6  0 . 0 6 9  
0 . 5 0 8  2 2 . 1 7  0 .056 
0 . 7 6 2  24 .52  0 .020  
1 . 0 1 6  2 4 . 6 4  0 . 0 2 0  
1 . 5 2 4  2 4 . 7 0  0 . 0 1 9  
2 .032  2 4 . 6 9  0 . 0 1 9  
2 .540  2 4 . 6 8  0 . 0 1 9  
3 . 8 1 0  2 4 . 6 2  0 .019  
5 . 0 8 0  2 4 . 5 9  0.019 
6 . 3 5 0  2 4 . 5 8  0.019 
7 . 6 2 0  2 4 . 5 7  0 . 0 2 0  
8 . 8 9 0  2 4 . 5 7  0 . 0 2 0  
1 0 . 1 6 0  24 .53  0 . 0 2 0  
1 1 . 4 3 0  2 4 . 5 3  0 . 0 2 1  
1 2 . 7 0 0  2 4 . 5 4  0 . 0 2 0  
1 3 . 9 7 0  2 4 . 5 0  0 . 0 2 1  
15 .240  2 4 . 5 0  0 . 0 2 1  
1 6 . 5 1 0  2 4 . 4 7  0 . 0 2 0  
1 7 . 7 8 0  2 4 . 5 1  0 . 0 2 1  
1 9 . 0 5 0  24.50 0 . 0 2 1  
0 . 0 2 1  20 .320  2 4 . 4 8  
21 .590  2 4 . 5 4  0 . 0 2 1  
2 2 . 8 6 0  24.47 0 . 0 2 2  
24 .130  2 4 . 4 7  0 . 0 2 1  
25 .400  2 4 . 5 2  0 . 0 2 2  
2 6 . 6 7 0  2 4 . 5 0  0 . 0 2 3  
0 . 0 2 2  27 .940  2 4 . 5 1  
29 .210  2 4 . 4 8  0 . 0 2 3  
3 0 . 4 8 0  2 4 . 5 4  0 . 0 2 3  
31 .750  24 .50  0 . 0 2 3  
33 .020  2 4 . 4 7  0 . 0 2 3  
0 . 0 2 3  34 .290  2 4 . 5 1  
35 .560  2 4 . 5 2  0 . 0 2 4  
36 .830  2 4 . 4 8  0 . 0 2 3  
. 
Table 33. Reconstructed Boundary  L a y e r  a t  14.4% C h o r d  o i l  t t i c >  
Pressure Surface 
c 
7 7  












































(mm) ( m i s )  - - -____________- - - - - - - - - - - - - - - - - - - - - -  
-  _ _ _ _ - -  - _ _ -  
'l'urbu I ence 












































Table 3 4 .  Reconstructed Boundary Layer at 25.1% Chord on the 
Pressure Surf ace 
78 
- - - - . . - - - - - - - - . - - - 
U Turbulence 
T ntensi ty Y 
- -  _ _  - . - - - - - - - - (=I (m/s> _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - -  
0 . 3 8 1  5 . 0 1  0.055 
0 . 5 0 8  8.37 0 .072  
0 . 6 3 5  1 2 . 2 0  0 . 1 0 3  
0 .762  1 6 . 6 3  0 . 1 1 1  
0 . 0 9 0  0 .889  1 9 . 2 4  
1 . 0 1 6  2 1 . 3 7  0 . 0 7 3  
1.143 2 2 . 6 1  0 . 0 5 5  
1 . 2 7 0  2 3 . 3 1  0 . 0 3 9  
1 . 5 2 4  23 .86  0 .020  
2 .032  2 3 . 9 2  0 .022  
2 .540 2 3 . 9 2  0 . 0 2 1  
3 . 8 1 0  2 3 . 8 7  0 . 0 2 0  
5 . 0 8 0  23 .85  0 . 0 2 0  
6 .350  2 3 . 8 2  0 . 0 2 1  
7 .620  23 .90  0 . 0 2 1  
8 . 8 9 0  2 3 . 8 2  0 . 0 2 1  
1 0 . 1 6 0  23 .82  0 .019  
1 1 . 4 3 0  23 .81  0 . 0 2 0  
1 2 . 7 0 0  23 .85  0 . 0 2 0  
1 3 . 9 7 0  2 3 . 8 1  0 . 0 2 1  
1 5 . 2 4 0  23 .85  0 . 0 2 1  
1 6 . 5 1 0  2 3 . 8 4  0 . 0 2 1  
1 7 . 7 8 0  2 3 . 8 4  0 . 0 2 1  
1 9 . 0 5 0  2 3 . 8 6  0 . 0 2 1  
0 . 0 2 1  20 .320 2 3 . 8 2  
21 .590  2 3 . 8 6  0 .022  
22 .860  23 .82  0 . 0 2 1  
24 .130 23 .85  0 . 0 2 1  
25 .400 2 3 . 8 2  0 . 0 2 1  
26 .670 2 3 . 7 9  0 . 0 2 1  
27 .940  23 .82  0 . 0 2 2  
29 .210 2 3 . 8 4  0 .022  
30 .480 2 3 . 8 0  0 . 0 2 1  
31 .750 
33 .020  
34 .290  
35.560 
36 .830 
38 .100  
2 3 . 7 8  
23 .82  
2 3 . 8 4  
2 3 . 8 4  
2 3 . 8 4  
2 3 . 8 8  
0 . 0 2 1  
0 . 0 2 0  
0 . 0 2 3  
0 .023  
0 . 0 2 3  
0 . 0 2 3  






















































































_ _ _ _ _ _ - _ -  - _  - _ _ _ _ _ -  - 
Turbule.?,ce 






















































0 . 2 5 4  
0 . 3 8 1  
0 .508  
0 .635 
0 .762  
0 .889  
1.016 
1.143 
1 . 2 7 0  
1.397 
1 . 5 2 4  
1.651 
(mm) - - - - - - - - - - - -________- - - - - - - - - - -  
1.778 
1 . 9 0 5  
2 .032  
2 . 1 5 9  
2 .286  
2 . 4 1 3  
2 .540  
3.175 
3 .810  
5 .080  
6 .350  
7 .620  
8 . 8 9 0  
10 .160  
1 1 . 4 3 0  
1 2 . 7 0 0  
13 .970  
1 5 . 2 4 0  
1 6 . 5 1 0  
17.780 
1 9 . 0 5 0  
20 .320 
21 .590 
22 .860  
24.130 
25 .400  
26 .670 
27 .940  
29 .210 
30 .480  
31 .750 
33 .020  
34 .290 
35.560 
3 6 . 8 3 0  
38 .100  
11 
( W s )  - - - - - - - - - - - - -. - - . . - - 
2 . 2 5  
5 .61  
7.87 
9 .71  
1 1 . 8 3  
13.56 
15.77 
1 7 . 2 3  
18.91 
20 .19  
21 .17  
2 1 . 5 4  
22.1.7 
2 2 . 5 9  
2 2 . 7 3  
2 2 . 9 4  
23 .02  
2 3 . 1 7  
2 3 . 3 6  
2 3 . 3 7  
2 3 . 4 1  
2 3 . 3 4  
2 3 . 3 6  
2 3 . 3 8  
23 .43  
2 3 . 4 1  
2 3 . 3 8  
2 3 . 3 9  
23 .40  
2 3 . 3 8  
23 .37  
23 .42  
23 .40  
23 .40  
2 3 . 3 9  
2 3 . 3 6  
2 3 . 3 9  
23 .37  
2 3 . 4 1  
2 3 . 3 7  
2 3 . 3 9  
23 .40  
23 .40  
23 .39  
2 3 . 3 7  
23 .40  
23 .40  
2 3 . 3 9  
Turbul encc 
Intensity 
0 . 0 6 7  
0 . 1 1 2  
0.149 
0.180 
0 . 2 0 6  
0 . 2 2 2  
0 . 2 3 2  
0 . 2 3 6  
0 .220  
0 . 2 0 4  
0 . 1 7 8  
0 .170  
0 . 1 4 1  
0.114 
0 . 1 0 5  
0 . 0 8 9  
0 .080 
0 .057  
0 . 0 2 6  
0 . 0 2 7  
0 . 0 2 5  
0 . 0 2 6  
0 . 0 2 4  
0 . 0 2 4  
0 . 0 2 5  
0 . 0 2 5  
0 . 0 2 5  
0 . 0 2 5  
0 . 0 2 5  
0 . 0 2 5  
0 . 0 2 4  
0 . 0 2 6  
0 . 0 2 5  
0 . 0 2 6  
0 . 0 2 7  
0 . 0 2 6  
0 . 0 2 5  
0 . 0 2 6  
0 . 0 2 6  
0 . 0 2 6  
0 . 0 2 7  
0 . 0 2 6  
0 .027  
0 . 0 2 6  
0 . 0 2 7  
0 . 0 2 7  
0 . 0 2 7  
0 . 0 2 8  
- - - - - .  - 




(n& (m/s> I ritens i ty 
0 .317  
0 . 3 8 1  
0 S O 8  
0 .635 
0 .762  
0 . 8 8 9  
1 . 0 1 6  
1.143 
1 .270  
1.397 
1 . 5 2 4  
1.651 
1.778 
1 . 9 0 5  
2 .032  
2 . 1 5 9  
2 .286 
2 .413 
2 .540  
3.175 
3 .810  
5 .080  
6 .350  
7 . 6 2 0  
8 . 8 9 0  
1 0 . 1 6 0  
1 1 . 4 3 0  
12 .700  
1 3 . 9 7 0  
1 5 . 2 4 0  
1 6 . 5 1 0  
17 .780  


















8 . 2 4  
10 .80  
1 2 . 5 2  
1 4 . 0 4  
1 4 . 9 2  
1 6 . 1 2  
17.18 
1 8 . 2 3  
1 9 . 2 0  
20 .20  
20 .82  
2 1 . 4 6  
22 .05  
2 2 . 3 3  
22 .76  
22 .90  
23 .05  
23 .20  
23 .50  
23 .55  
23 .55  
23 .52  
2 3 . 5 4  
23 .55  
23 .52  
23 .54  
2 3 . 5 4  
23 .54  
23 .54  
23 .57  
2 3 . 5 9  
23 .57  
2 3 . 5 6  
2 3 . 5 5  
23 .56  
23 .54  
23 .54  
23 .55  
2 3 . 5 1  
23 .55  
23 .57  
23 .54  
23 .57  
23 .59  
23 .56  
2 3 . 5 6  
2 3 . 5 9  
0 . 1 3 8  
0 .158  
0 . 1 8 9  
0 . 2 0 1  
0 .202  
0 .200  
0 .207  
0 .207  
0 .206  
0 .198 
0 . 1 8 7  
0 . 1 7 5  
0 .160  
0 .140  
0 .129  
0 .106  
0 . 0 9 4  
0 . 0 8 4  
0 . 0 7 1  
0 . 0 3 3  
0 .027 
0 .026  
0 . 0 2 7  
0 .026  
0 .027  
0 .029  
0 . 0 2 8  
0 . 0 2 7  
0 . 0 2 6  
0 . 0 2 7  
0 . 0 2 8  
0 .029  
0 .026  
0 .027  
0 .027  
0 .029  
0 . 0 2 9  
0 . 0 2 6  
0 .027  
0 . 0 2 9  
0 .028  
0 . 0 2 9  
0 . 0 2 9  
0 .027  
0 . 0 3 0  
0 . 0 3 0  
0 . 0 3 0  
0 .030  
Reconstructed Boundary Layer at 68.0% on the 






0 .317  11.68 0 . 1 7 9  
0 . 3 8 1  1 3 . 0 5  0 . 1 8 3  
0 .508 1 5 . 2 9  0 . 1 8 1  
0 .635 16.67 0 , 1 6 5  
0 .762 1 7 . 3 8  0.159 
0 .889 1 8 . 2 3  0 .150 
1 . 0 1 6  1 8 . 6 8  0 . 1 5 3  
1 . 1 4 3  1 9 . 2 3  0 .147  
1 .270  19.51 0 . 1 4 8  
1 . 3 9 7  2 0 . 1 1  0.145 
1 . 5 2 4  20 .69  0 . 1 3 8  
1.651 2 1 . 3 1  0 . 1 2 5  
1 . 7 7 8  2 1 . 6 4  0 . 1 1 9  
1.905 22.16  0 . 1 0 7  
2 .032 22 .49  0 . 0 9 7  
2 .159  22 .67  0 . 0 9 4  
2 .286 22 .96  0 .080  
2 .413  2 3 . 1 4  0 . 0 7 5  
2.540 23 .32  0 .067  
3 .175 23 .69  0 .046  
3 .810 23 .86  0 . 0 3 1  
4.445 2 3 . 9 1  0 .027  
5 .080  2 3 . 9 1  0 . 0 2 3  
6 .350  23 .95  0 . 0 2 4  
7 .620  23 .99  0 . 0 2 4  
8 .890  23 .99  0 . 0 2 4  
10 .160  24 .03  0 . 0 2 4  
11 .430  24 .02  0 . 0 2 4  
12 .700 24 .03  0 . 0 2 4  
13 .970  24 .04  0 . 0 2 4  
15 .240  24 .07  0 . 0 2 5  
16.510 24 .08  0 . 0 2 4  
17.780 24.06  0 . 0 2 5  
19 .050  24 .08  0 . 0 2 5  
20.320 24 .10  0 .026  
21.590 24 .10  0 . 0 2 6  
22.860 24 .10  0 . 0 2 5  
24.130 24 .06  0 . 0 2 6  
25.400 24 .06  0 .026  
26.670 2 4 . 0 4  0 . 0 2 5  
27.940 24 .10  0 .026  
29.210 2 4 . 0 9  0 .027  
30.480 2 4 . 1 1  0 .027  
31 .750 2 4 . 0 8  0 .026  
33 .020 2 4 . 0 7  0 . 0 2 6  
34.290 2 4 . 1 1  0 . 0 2 7  
35.560 24 .06  0 . 0 2 8  
36.830 2 4 . 0 5  0 . 0 2 7  
38.100 24 .08  0 . 0 2 7  
Table 39. Reconstructed Boundary Layer a t  78.6% Chord on t h e  Pressure 
Surface 
83 
- - - - -_____________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Y U Turbui ence 
(m) (m/s> In t ens i ty  
0 . 2 5 4  1 2 . 5 1  0 . 1 6 1  
0 .317  14.55 0 .166  
0 . 3 8 1  1 6 . 0 6  0 .162  
0 .508  17.95 0 , 1 4 4  
0 .635  1 9 . 2 6  0 .132  
0 . 7 6 2  2 0 . 1 4  0 . 1 2 1  
0.889 2 0 . 8 1  0 .113  
1 . 0 1 6  21 .30  0 .104  
1.143 21 .79  0 .097  
1 . 2 7 0  2 2 . 0 8  0 . 0 9 5  
1.397 22 .37  0 , 0 9 1  
1 . 5 2 4  22 .53  0 . 0 9 1  
1.651 22.90  0 . 0 8 4  
1.778 23 .16  0 .079  
1 . 9 0 5  23 .45  0 .078  
2 .032  2 3 . 6 1  0 . 0 7 4  
2 .159  2 3 . 8 1  0 . 0 7 1  
2 .286 2 4 . 0 0  0 .067  
2 . 4 1 3  2 4 . 1 8  0 .063  
2 .540  2 4 . 3 4  0 .058  
3.175 24 .86  0 .043  
3 . 8 1 0  25 .15  0 . 0 3 1  
4.445 25.20  0 .026 
5 .080  25 .29  0 .025  
6 .350  25 .29  0 . 0 2 4  
7.620 25 .38  0 .025  
8 . 8 9 0  2 5 . 4 4  0 .025  
1 0 . 1 6 0  2 5 . 4 2  0 .025  
1 1 . 4 3 0  2 5 . 4 7  0 . 0 2 4  
1 2 . 7 0 0  25 .52  0 . 0 2 3  
1 3 . 9 7 0  25 .52  0 . 0 2 4  
1 5 . 2 4 0  25 .55  0 .025  
--- - - ---- - -- --- - - - - -  - - - - - - - - - - -  - - - - --  - - - - - - - - - - - - - - -- - - - - - - - .- - -. - - - .. - 
1 6 . 5 1 0  
1 7 . 7 8 0  
1 9 . 0 5 0  
20 .320  
21 .590 
22 .860  
24 .130  
25 .400  
26 .670  
27 .940  
29 .210  
30 .480 
31 .750  
33 .020  
34 .290 
35 .560  
36 .830 
38 .100 
2 5 . 5 3  
25 .53  
2 5 . 5 4  
25 .50  
2 5 . 5 0  
2 5 . 4 7  
25 .53  
2 5 . 5 2  
25 .53  
25 .53  
2 5 . 5 4  
25 .52  
25 .49  
25 .57  
25 .53  
2 5 . 5 4  
2 5 . 4 9  
2 5 . 5 0  
0 . 0 2 4  
0 .025  
0 .026  
0 .026  
0 .026  
0 .026  
0 .026  
0 . 0 2 6  
0 .026  
0 .026  
0 .027  
0 . 0 2 6  
0 . 0 2 6  
0 . 0 2 7  
0 . 0 2 8  
0 .029  
0 .029  
0 .027  
Table 40. Reconstructed Boundary Layer at 89.3% Chord on the Pressure 
Surface 
84 
~- - - - -  _ _ _  _ _ _ _ _  - 
U 'Izirbu 1 ence 
inter I s i  t y  
Y 
(mm) (m/s> 
0 . 0 6 3  17.76 0 . 1 4 8  
0 .127  19.57 0 . 1 4 0  
0 . 2 5 4  2 1 . 7 5  0 . 1 2 0  
0 .317  22 .38  0 . 1 1 2  
0 . 3 8 1  22 .73  0 . 1 0 7  
0 . 5 0 8  2 3 . 4 7  0 . 0 9 9  
0 .635 2 3 . 9 6  0 . 0 9 2  
0 .762  2 4 . 4 2  0 . 0 8 9  
0 . 8 8 9  24 .90  0 . 0 8 3  
1 . 0 1 6  25 .22  0 . 0 7 8  
1 . 1 4 3  25 .45  0 . 0 7 6  
1 . 2 7 0  25 .56  0 . 0 7 8  
1.397 2 6 . 0 4  0 . 0 7 1  
1 . 5 2 4  26 .30  0 .067  
1.651 2 6 . 4 4  0 . 0 6 8  
1.778 2 6 . 6 9  0 . 0 6 4  
1 . 9 0 5  2 6 . 7 9  0 . 0 6 4  
2 .032  2 6 . 9 6  0 . 0 6 1  
2 .159  2 7 . 1 5  0 . 0 5 7  
2.286 2 7 . 2 9  0 . 0 5 3  
2 . 4 1 3  27 .46  0 . 0 5 3  
2 .540  27 .57  0 . 0 4 9  
3.175 2 7 . 9 9  0 . 0 3 8  
3.810 2 8 . 2 4  0 .027  
5 . 0 8 0  2 8 . 2 7  0 . 0 2 4  
6 . 3 5 0  28 .23  0 . 0 2 4  
7 .620 2 8 . 1 8  0 . 0 2 3  
8 . 8 9 0  2 8 . 1 7  0 . 0 2 4  
10.160 2 8 . 1 4  0 . 0 2 4  
1 1 . 4 3 0  2 8 . 1 3  0 . 0 2 3  
12 .700 28 .14  0 . 0 2 4  
1 3 . 9 7 0  2 8 . 1 4  0 . 0 2 3  
1 5 . 2 4 0  2 8 . 1 1  0 . 0 2 3  
16 .510  2 8 . 0 6  0 . 0 2 3  
17 .780  28 .07  0 . 0 2 3  
19 .050  28 .08  0 . 0 2 4  
20 .320 2 8 . 0 5  0 . 0 2 4  
21 .590 2 8 . 0 5  0 . 0 2 3  
22 .860 28 .00  0 . 0 2 4  
24 .130  2 8 . 0 4  0 . 0 2 4  
25 .400 28 .02  0 . 0 2 4  
26 .670 2 8 . 0 1  0 . 0 2 5  
27 .940 2 8 . 0 3  0 . 0 2 4  
29 .210 2 8 . 0 3  0 . 0 2 6  
30 .480 2 8 . 0 1  0 . 0 2 5  
31 .750 2 8 . 1 1  0 . 0 2 4  
33 .020 2 8 . 1 1  0 . 0 2 5  
34 .290 28 .10  0 . 0 2 6  
35 .560 28 .13  0 . 0 2 4  
36 .830 28 .18  0 .026  
38 .100  2 8 . 1 6  0 . 0 2 7  













































































































































































































































































































































Y U Turbulence 
( W s )  Intensity 
_ _ - - - _ _ - _ _ _ _ - _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - ~ ~ - - - -  
0 .254 20 .02  0 , 0 8 8  
0 . 3 8 1  2 1 . 4 1  0 .100  
0 .508 23 .59  0.116 
0 .635 26 .35  0 . 1 2 9  
0 .762 28.50 0 . 1 3 5  
0 .889  31 .13  0 . 1 4 6  
1 . 0 1 6  3 4 . 8 9  0 . 1 5 0  
1 . 1 4 3  3 7 . 8 7  0 .157  
1 .270  4 0 . 6 8  0 .156  
1 . 3 9 7  4 3 . 3 0  0 - 1 5 0  
1 . 5 2 4  4 6 . 5 9  0 . 1 3 8  
1.651 49 .06  0 . 1 1 8  
1 . 7 7 8  51 .10  0 . 0 9 9  
2.032 5 3 . 5 7  0 . 0 7 2  
2 .286 5 4 . 9 9  0 . 0 5 5  
2 .540 5 5 . 5 3  0 . 0 4 9  
3.175 5 5 . 7 9  0 . 0 4 2  
3 . 8 1 0  5 5 . 9 4  0 . 0 3 1  
4 . 4 4 5  5 5 . 8 4  0 . 0 2 8  
5 . 0 8 0  5 5 . 7 2  0 . 0 2 8  
5 .715  55 .90  0 . 0 2 6  
6.350 55 .96  0 . 0 2 3  
7 .620  5 5 . 8 9  0 .022  
8.890 5 5 . 9 9  0 . 0 2 1  
10.160 5 5 . 9 5  0 . 0 2 0  
11 .430  5 5 . 9 3  0 . 0 2 0  
1 2 . 7 0 0  5 5 . 9 3  0 . 0 1 9  
13 .970  5 5 . 9 4  0 . 0 1 8  
1 5 . 2 4 0  5 5 . 9 4  0 . 0 1 7  
T a b l e  4 5 .  Reconstructed Boundary L a y e r  a t  2.6X Chord o n  t l ic  
Suction Surface 
99 
- - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - -  - -  - - - -  - - - -  - _ _  - _ - - - _ - - - - - - _ _ _ _ - _  _ _ - _  
T. .-I-. 1 I h--- 
I u1 A J U I G I  l\*< 
.. - -  
Y 
(mm) (m74 Intensity 
0 .127  24 .49  0 .127 
0 .190  25 .69  0 .129 
0 . 2 5 4  26 .37  0 . 1 3 1  
0 . 3 8 1  2 7 . 4 9  0 . 1 3 4  
0 . 5 0 8  2 8 . 2 7  0 . 1 3 8  
0 . 6 3 5  2 9 . 6 3  0 .142  
0 .762  3 0 . 7 2  0.1'13 
0 . 8 8 9  31.96 0.1127 
1 . 0 1 6  33 .05  0 . 1 4 3  
1.143 34.45 0.150 
1 . 2 7 0  35.49 0 . 1 5 2  
1.397 3 6 . 8 6  0 . 1 4 8  
1 . 5 2 4  38 .08  0 . 1 4 2  
1.651 39 .10  0 .136  
1.778 4 0 . 4 1  0 .125  
1 . 9 0 5  4 1 . 2 1  0 .120  
2 .032 4 1 . 9 0  0 .113  
2 .159  4 2 . 8 4  0 .098  
2 .286  43.36 0 .087  
2 .413  43.91 0 .078  
2 .540 4 4 . 3 3  0 . 0 7 2  
3.175 45 .40  0 . 0 4 5  
3 .810  45.73 0 .032  
4.445 45.74 0 .030  
5 . 0 8 0  4 5 . 8 0  0 . 0 2 9  
5.715 4 5 . 8 2  0 . 0 3 0  
6 .350  45.89 0 . 0 2 5  
7 .620  45 .87  0 . 0 2 4  
8 . 8 9 0  45.93 0 . 0 2 4  
1 0 . 1 6 0  45 .90  0 . 0 2 3  
11 .430  4 5 . 9 3  0 . 0 2 2  
1 2 . 7 0 0  45.94 0 . 0 2 2  
1 3 . 9 7 0  45.85 0 .022  
1 5 . 2 4 0  45.84 0 .022  
1 6 . 5 1 0  45.85 0 . 0 2 1  
1 7 . 7 8 0  45.88 0 . 0 2 1  
1 9 . 0 5 0  45 .86  0 . 0 2 1  
20 .320 45.91 0 . 0 2 2  
21 .590 45.89 0 . 0 2 2  
22 .860 45.94 0 . 0 2 2  
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - _ - - - - -  _ - _ - - - - - - - _ - _ _ _ _  - _ _ _  - _ _  
Table 4 6 .  Reconstructed Boundary Layer a t  7 .62  Chord on t h e  Suction 
Surface 
90 
_ _ _ - _ - _ _ _ _ _ _ _ _ _ _ - - _ - - -  
Y 
0 .102  
0 .152  
0 .203  
0 . 2 5 4  
0 . 3 1 7  
0 . 3 8 1  
0 . 5 0 8  
0 . 6 3 5  
0 .762  
0 . 8 8 9  
1 . 0 1 6  
(mm) _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - -  
1.143 
1 . 2 7 0  
1.397 
1 . 5 2 4  
1.651 
1.778 
1 . 9 0 5  
2 .032  
2 . 2 8 6  
2 .540  
2 . 7 9 4  
3 . 0 4 8  
3 . 3 0 2  
3.556 
3 . 8 1 0  
4.445 
5 . 0 8 0  
5.715 
6 .350  
7 . 6 2 0  
8 . 8 9 0  
1 0 . 1 6 0  
1 1 . 4 3 0  
1 2 . 7 0 0  
1 3 . 9 7 0  
15 .240  
1 6 . 5 1 0  
1 7 . 7 8 0  




24 .130  
25 .400 
26 .670 
27 .940  





_ _ _ _ _ _ _ - _ _ _ _ - _ _ _  . 
U 
( W s >  
________-_-- - -__-_-__- . - - - .  
2 1 . 7 2  
2 4 . 4 9  
2 5 . 8 5  
27 .10  
2 7 . 9 6  
2 8 . 7 4  
29 .92  
30 .83  
31.53 
3 2 . 2 1  
32 .80  
33.69 
3 4 . 3 6  
34.94 
3 5 . 4 9  
3 6 . 2 0  




4 0 . 6 5  
41.89 
4 2 . 5 2  
43 .40  
43.77 
4 4 . 0 6  
44.55 
44 .60  
4 4 . 7 0  
44.69 
44.67 
4 4 . 7 2  
44.69 
4 4 . 7 2  
4 4 . 7 7  
44.74 
44.71 
4 4 . 7 2  
44.79 
4 4 . 7 2  
44.71 




4 4 . 7 0  





4 4 . 7 2  
_ - _ _ _ _  - - - -  
Turbul encc 
Intensity 
0 .126  
0 . 1 2 3  
0 .120  
0 . 1 1 6  
0.114 
0 .112  
0 . 1 1 4  
0.115 
0 .116  
0 .118 
0 . 1 1 7  
0 . 1 1 9  
0 .119  
0 . 1 2 1  
0 . 1 2 2  
0 . 1 2 0  
0 .122  
0 .118  
0 .117  
0 . 1 0 9  
0 . 1 0 1  
0 . 0 8 5  
0 . 0 8 1  
0 . 0 6 1  
0 . 0 5 1  
0 . 0 4 3  
0 . 0 2 9  
0 . 0 2 1  
0 . 0 2 1  
0 . 0 2 0  
0 . 0 1 9  
0 . 0 1 9  
0 . 0 1 8  
0 . 0 1 8  
0 . 0 1 8  
0 . 0 1 8  
0 . 0 2 0  
0 . 0 1 8  
0 . 0 1 9  
0 . 0 1 8  
0 . 0 1 8  
0 . 0 1 8  
0 . 0 1 7  
0 .017  
0 . 0 1 8  
_  _ _ - _ _ _  . - -  - -  
0 . 0 1 7  
0 .017  
0 . 0 1 7  
0 .017  
0 .017  
0 . 0 1 7  
0 .017  
Table 4 7 .  Reconstructed Boundary 1,ayer a t  1 2 . 7 %  Chord on the  
Suction Surface 
91 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - -  
Y 
0 . 1 2 7  
0 . 1 9 0  
0 . 2 5 4  
0 .317 
0 . 3 8 1  
0 . 5 0 8  
0 . 6 3 5  
0 .762  
0 . 8 8 9  
1 . 0 1 6  
1.143 
1 . 2 7 0  
1 . 5 2 4  
1.778 
2 .032  
2 .286  
2 .540 
2 . 7 9 4  
3 . 0 4 8  
3 .302  
3.556 
3 .810  
4.445 
(m> _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - -  
5 .080  
5.715 
6 . 3 5 0  
7 .620  
8 . 8 9 0  
10.160 
11 .430  
12 .700  
1 3 . 9 7 0  
1 5 . 2 4 0  
1 6 . 5 1 0  
1 7 . 7 8 0  
1 9 . 0 5 0  
20 .320  
21 .590  
22.860 
24 .130  
25 .400  
26 .670 
27 .940  
29 .210  
30 .480 
31 .750  
33 .020 
34 .290  
35 .560 
36 .830  
38 .100  
- - -  - - - -  - - -  - - - - _ _ _ _ _ - - - - - - -  . . _ _ _ _  _ _ _ _  - 
U iurbuiencc 
( W s >  Intensity 
2 0 . 0 4  0 .130  
2 1 . 8 1  0.125 
2 3 . 6 5  0 .110  
2 4 . 5 4  0 .105 
2 5 . 5 0  0 .103  
2 6 . 5 8  0 .098  
0 .098  2 7 . 3 9  
2 8 . 0 8  0 .097  
2 8 . 8 0  0 .098  
2 9 . 4 5  0 .097  
2 9 . 9 1  0 .099  
3 0 . 5 5  0 .097  
3 1  .S8  0 . 0 9 8  
32 .63  0 . 0 9 9  
0 .098  3 3 . 1 0  
34.36 0 .098  
35.46 0 .095  
3 6 . 2 9  0 . 0 9 4  
36.99 0 . 0 9 1  
37.84 0 .087  
38.59 0 .082  
39 .31  0 . 0 7 4  
4 0 . 6 7  0 . 0 5 1  
4 1 . 2 0  0 . 0 4 1  
41.59 0 .030  
41.73 0 . 0 2 5  
4 1 . 8 0  0 . 0 2 2  
41.77 0 . 0 2 1  
0 . 0 2 1  4 1 . 8 2  
0 .022  41.87 
0 . 0 2 1  41.79 
4 1 . 7 0  0 .019  
4 1 . 7 2  0 .020  
0 . 0 2 0  41.76 
41.76 0 . 0 2 0  
41.73 0 . 0 1 9  
4 1 . 7 3  0 . 0 1 8  
41.77 0 . 0 1 9  
41.76 0 . 0 1 9  
41.73 0 . 0 1 8  
41.75 0 . 0 1 8  
41.78 0 . 0 1 9  
0 . 0 1 8  4 1 . 7 3  
41.77 0 . 0 1 8  
41.73 0 . 0 1 7  
41.75 0 . 0 1 8  
41.76 0 . 0 1 7  
41.73 0 . 0 1 7  
41.73 0 . 0 1 7  
41.75 0 . 0 1 7  
41.77 0 . 0 1 6  
Table 48. Reconstructed Boundary Layer at 23.02 Chord on t h e  
Suction S u r f  ace 
92 
. - _ - - - - - - - - - - 
0 . 1 2 7  
0 . 2 5 4  
0 . 3 8 1  
0 . 5 0 8  
0 . 6 3 5  
0 .762  
1 . 0 1 6  
1 .270  
1 . 5 2 4  
1 . 7 7 8  
2 .032  
2 .286  
2 .540  
2 . 7 9 4  
3 . 0 4 8  
3 . 3 0 2  
3 . 5 5 6  
3 .810  
4 . 0 6 4  
4 . 3 1 8  
4 . 5 7 2  
4 .826  
5 .080  
5 . 3 3 4  
5 . 8 4 2  
6 . 3 5 0  
7 . 6 2 0  
8 . 8 9 0  
1 0 . 1 6 0  
1 1 . 4 3 0  
1 2 . 7 0 0  
1 3 . 9 7 0  
1 5 . 2 4 0  
1 6 . 5 1 0  
1 7 . 7 8 0  
19 .050  
20 .320  
21 .590 
2 2 . 8 6 0  
24 .130  
25 .400 
26 .670  
27 .940  
29 .210 
30 .480  
31 .750  
33 .020  
34 .290  
35 .560 
36 .830  
3 8 . 1 0 0  
U 
(m/s> _ _ _ _ _ _ _ _ _ _ _ _ ~ _ - - -  
1 4 . 5 9  
1 7 . 0 9  
1 8 . 5 2  
1 9 . 5 4  
20 .36  
21 .16  
22 .37  
23 .49  
2 4 . 5 7  
25 .59  
26 .54  
27 .34  
2 8 . 1 1  
28 .87  
29 .38  
30 .04  
3 0 . 6 8  
31 .00  
3 1 . 5 9  
32 .02  
3 2 . 4 3  
3 2 . 9 1  
3 3 . 2 9  
33 .62  
3 4 . 5 9  
3 5 . 5 3  
37 .12  
3 7 . 7 1  
37 .82  
3 7 . 8 2  
37 .80  
37 .78  
3 7 . 7 7  
3 7 . 7 5  
37 .77  
3 7 . 7 9  
3 7 . 7 8  
37 .76  
3 7 . 8 1  
3 7 . 7 8  
37 .78  
3 7 . 7 5  
37 .78  
37 .79  
37.77 
37 .79  
37 .79  
3 7 . 7 8  
3 7 . 7 8  
3 7 . 7 9  
3 7 . 7 7  
- - -  - _ _ _ _ _ _  _ _  _ _  _ _ -  
Turbulence? 
In t ens i ty  
0 . 1 0 8  
0 . 1 0 5  
0 . 1 0 3  
0 . 1 0 2  
0 .100  
0 . 1 0 2  
0 . 1 0 4  
0 . 1 0 5  
0 .102  
0 .102  
0.100 
0 .097  
0 . 0 9 4  
0 . 0 9 3  
0 . 0 8 9  
0 . 0 8 5  
0 .082  
0 . 0 8 2  
0 . 0 8 0  
0 . 0 7 9  
0 . 0 7 9  
0 . 0 8 0  
0 . 0 7 9  
0 . 0 7 8  
0 .077  
0 . 0 7 1  
0 . 0 4 5  
0 . 0 2 3  
0 .019  
0 . 0 1 8  
0 . 0 1 8  
0 .016  
0 . 0 1 6  
0 . 0 1 6  
0 . 0 1 6  
0 . 0 1 5  
0 . 0 1 5  
0 . 0 1 6  
0 . 0 1 5  
0 .016  
0 . 0 1 5  
0 .015  
0 . 0 1 6  
0 . 0 1 5  
0 . 0 1 5  
0 . 0 1 5  
0 . 0 1 5  
0 .015 
0 . 0 1 4  
0 . 0 1 5  
0 . 0 1 5  
- - - - - - - - . - - - - - - - - - - 
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Table 50. Reconstructed Boundary Layer at 4 3 . 3 %  Chord on the 
Suction Surface 
_ _  . - - - -  
U Turbulence 
I n tens  i ty Y (m) ( W s )  _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  . _ - _  - ~ - -  
0 . 3 8 1  9.67 0 . 0 8 8  
0 . 5 0 8  1 0 . 2 4  0 . 0 8 9  
0 .635  1 0 . 7 7  0 . 0 8 9  
0 . 7 6 2  1 1 . 2 0  0 . 0 9 2  
1 . 0 1 6  1 2 . 1 2  0 . 0 9 1  
1 . 2 7 0  1 2 . 8 4  0 .094 
1 . 5 2 4  1 3 . 5 0  0 . 0 9 6  
1.778 1 4 . 0 6  0.096 
2 .032  14.89 0 . 0 9 8  
0 . 0 9 6  2 . 2 8 6  1 5 . 4 6  
2 .540  1 6 . 1 7  0 . 0 9 8  
2 . 7 9 4  1 6 . 8 3  0 . 1 0 1  
3 . 0 4 8  17 .61  0 . 1 0 1  
3 .302  1 8 . 2 0  0 . 1 0 0  
3.556 18.99 0 . 1 0 4  
1 9 . 6 0  0 . 1 0 4  3 . 8 1 0  
4 . 0 6 4  2 0 . 3 7  0 .107  
4.318 2 1 . 1 3  0 . 1 0 3  
4 . 5 7 2  21 .82  0 . 1 0 5  
4 . 8 2 6  2 2 . 5 3  0 . 1 0 7  
5 . 0 8 0  2 3 . 1 7  0 .107  
5.334 2 3 . 7 7  0 .107  
5 . 8 4 2  25 .10  0 . 1 0 5  
6 . 3 5 0  26 .49  0 . 1 0 2  
6.985 2 7 . 9 1  0 .098  
7 . 6 2 0  2 9 . 2 4  0 . 0 9 0  
8 .255  3 0 . 3 9  0 . 0 8 2  
8 . 8 9 0  3 1 . 3 9  0 . 0 7 2  
1 0 . 1 6 0  3 2 . 8 6  0 . 0 4 5  
1 1 . 4 3 0  3 3 . 4 1  0 . 0 3 1  
1 2 . 7 0 0  33.66 0 . 0 2 5  
1 3 . 9 7 0  3 3 . 7 3  0 . 0 2 1  
1 5 . 2 4 0  3 3 . 7 4  0 . 0 1 8  
16 .510  3 3 . 7 5  0 . 0 1 7  
1 7 . 7 8 0  3 3 . 7 3  0 . 0 1 7  
1 9 . 0 5 0  33 .76  0.017 
2 0 . 3 2 0  3 3 . 7 6  0 . 0 1 7  
21 .590  3 3 . 8 1  0 . 0 1 7  
22.860 3 3 . 7 9  0 . 0 1 7  
24 .130  3 3 . 7 8  0 .016 
25.400 33.77 0 .016 
26.670 3 3 . 7 6  0 .016  
27 .940  33 .80  0 . 0 1 6  
29 .210  3 3 . 8 0  0 . 0 1 6  
30 .480 3 3 . 7 7  0 . 0 1 6  
31 .750 3 3 . 7 7  0 . 0 1 5  
3 3 . 0 2 0  33 .80  0 . 0 1 6  
34 .290  33 .77  0 . 0 1 6  
35 .560  3 3 . 7 7  0 . 0 1 5  
36 .830 33 .80  0 . 0 1 5  
38 .100  3 3 . 7 7  0 . 0 1 5  
Table 51. Reconstructed Boundary Layer a t  53.6% Chord on t h e  Suction 
Surface 
95 






















































3 6 . 8 3 0  31.77 
38.100 31.73 
_ -  (=I (m/4 _- -______________- - - I___________________- - - -  
- - - - - - _ - - - - ._ - - 
‘lkrbul encci 
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Table 52. Reconstructed Boundary Layer a t  6 3 . 2 %  Chord on the  
Suct ion S u r f  ace 
96 
U Turbulence 
I n t ens  i ty 
Y 
(=I (m/4 - - - - _ _ - _  - _ _ -  - _ - - - - -  
0 . 2 5 4  0 . 9 0  0 .056  
0 . 5 0 8  1.58 0 . 0 7 3  
0 . 7 6 2  1 .93  0 . 0 7 8  
0 . 0 8 0  1 . 0 1 6  2 . 0 3  
1 . 2 7 0  2 . 3 9  0 . 0 8 7  
1 . 5 2 4  2 . 7 6  0 . 0 9 1  
1.778 3 . 0 2  0 .087  
2 .032  3 . 2 8  0 . 0 9 2  
2 . 2 8 6  3.56 0 .092  
2 .540  3 . 8 0  0 . 0 9 4  
2 . 7 9 4  4 . 2 8  0 . 0 9 5  
3 . 0 4 8  4.65 0 .093  
3 .302  4.84 0 .097  
3.556 5.18 0 .100  
3 .810  5.59 0 .099  
4 . 0 6 4  5 . 7 3  0 . 1 0 1  
4.318 6 . 2 6  0 .103  
4 . 5 7 2  6.45 0 . 1 0 7  
4 . 8 2 6  6.89 0 . 1 0 5  
5 . 0 8 0  7.17 0 . 1 1 0  
5.334 7.56 0 . 1 0 9  
5 . 8 4 2  8.57 0 .110  
6 . 3 5 0  9 . 1 3  0 . 1 1 1  
6.985 1 0 . 4 0  0 . 1 1 6  
7 . 6 2 0  11.45 0 . 1 2 3  
8 .255  1 2 . 8 8  0 .126  
8 . 8 9 0  13.78 0 . 1 2 8  
9 . 5 2 5  1 5 . 1 0  0 . 1 3 5  
1 0 . 1 6 0  1 6 . 8 2  0 . 1 3 0  
1 0 . 7 9 5  18.13 0 .132  
1 1 . 4 3 0  1 9 . 4 2  0 . 1 3 1  
1 2 . 0 6 5  2 0 . 6 3  0 . 1 3 2  
21 .97  0 . 1 3 2  1 2 . 7 0 0  
13.335 2 3 . 2 8  0 . 1 2 6  
1 3 . 9 7 0  2 4 . 5 6  0 . 1 2 6  
1 4 . 6 0 5  2 5 . 8 1  0 . 1 1 4  
1 5 . 2 4 0  2 6 . 7 0  0 . 1 1 0  
15.875 2 7 . 7 4  0 .102  
1 6 . 5 1 0  28 .42  0 .097  
17.145 2 9 . 2 9  0 . 0 7 8  
1 7 . 7 8 0  2 9 . 9 1  0 . 0 6 3  
1 9 . 0 5 0  3 0 . 8 0  0 . 0 4 1  
20 .320 31 .06  0 . 0 2 9  
21 .590  31.11 0 . 0 2 4  
22 .860  31.16 0 . 0 1 9  
24 .130 31.19 0 . 0 1 9  
25 .400 3 1 . 2 4  0 . 0 1 7  
26 .670 31 .27  0 .016  
0 .016  27 .940 31 .27  
29 .210  31 .30  0 . 0 1 6  
30 .480 3 1 . 3 0  0 . 0 1 6  
31 .750 3 1 . 2 6  0 . 0 1 5  
33 .020 31 .26  0 .016  
34 .290 31 .26  0 . 0 1 6  
35 .560 3 1 . 2 4  0 . 0 1 5  
0 .016  36 .830 31 .28  
38 .100  31 .25  0 . 0 1 6  
T a b l e  53. Reconstructed Boundary Layer at 7 4 . 0 %  Chord on t h e  S u c t i o n  
Surface 
C - 2  
1 . 7 7 8  
2 .032  
2 .286  
2 .540  
2 .794  
3 . 0 4 8  
3 . 3 0 2  
3 . 5 5 6  
3 . 8 1 0  
4 . 0 6 4  
4 . 3 1 8  
4 . 5 7 2  
4 . 8 2 6  
5 . 0 8 0  
5 . 7 1 5  
6 . 3 5 0  
6 . 9 8 5  
7 . 6 2 0  
8 . 2 5 5  
8 . 8 9 0  
9 . 5 2 5  
1 0 . 1 6 0  
1 0 . 7 9 5  
1 1 . 4 3 0  
1 2 . 0 6 5  
1 2 . 7 0 0  
1 3 . 3 3 5  
1 3 . 9 7 0  
1 4 . 6 0 5  
1 5 . 2 4 0  
1 5 . 8 7 5  
1 6 . 5 1 0  
1 7 . 1 4 5  
1 7 . 7 8 0  
1 8 . 4 1 5  
1 9 . 0 5 0  
1 9 . 6 8 5  
20 .320  
20 .955  
21 .590  
2 2 . 2 2 5  
22 .860  
24 .130  
25 .400  
26 .670  
27 .940  
29 .210  
30 .480  
31 .750  
33 .020  
3 4 . 2 9 0  
3 5 . 5 6 0  
36 .830  
3 8 . 1 0 0  
0 . 3 1  
0 . 2 5  
0 . 4 1  
0 .54  
0 .86  
1 . 0 5  
1 . 3 9  
1 . 4 4  
1 . 5 1  
1 . 7 6  
1 . 9 5  
2 .07  
2.37 
2.55 
3 .12  
3 . 9 5  
4 .50  
5 . 0 5  
5 .77  
6 . 4 9  
7 .20  
7 .97  
8 . 8 8  
9 .27  
10 .24  
11 .07  
12 .16  
13 .04  
13 .86  
15 .04  
16 .27  
1 7 . 2 3  
1 8 . 3 3  





















- - - - _-- - - - - - - - . _. - - - 
T u r b u l e n c e  
Intensity 
0.006 
-0 .043  
0 . 1 0 1  
0 . 1 0 3  
0.108 
-0 .067  
-0 .088  
0 . 0 4 5  
0 .136  
0 .104  
0 .094  
0 .106  
0 . 1 0 3  
0 . 1 0 1  
0 .104  
0 . 0 9 8  
0 .100  
0 .104  
0 . 1 0 3  
0 .106  
0.108 
0 .109  
0 . 1 0 8  
0.110 
0 . 1 1 2  
- - - -. - - - - - - .- - . -- - . - - 
0 .117  
0 . 1 1 8  
0 . 1 1 8  
0 .124  
0 .126  
0.130 
0 .134  
0 . 1 3 5  
0 . 1 4 0  
0 . 1 4 2  
0 . 1 4 1  
0 .144  
0 . 1 4 6  
0 .147  
0 . 1 4 6  
0 . 1 4 3  
0 .140  
0 .140  
0 . 1 4 1  
0 . 1 3 1  
0 . 1 3 0  
0 . 1 0 9  
0 .100  
0 . 0 8 2  
0 . 0 6 2  
0 . 0 4 5  
0 . 0 3 3  
0 . 0 2 8  
0 . 0 2 1  
0 . 0 2 0  
0 . 0 2 0  
0 . 0 1 8  
39.370 
40 .640  
41 .910  
98 
30 .49  
30 .48  
30 .47  
‘ lab le  5 4 .  ( C o n t  inuc:d) 
0 .016  
0.01.7 
0 . 0 2 2  
99 
0 .254  
0 . 5 0 8  
0 . 7 6 2  
1 . 0 1 6  
1 . 2 7 0  
1 . 5 2 4  
1 . 7 7 8  
2 .032  
2 .286  
2 .540  
2 .794  
3 . 0 4 8  
3 . 3 0 2  
3 .556  
3 . 8 1 0  
4 .064  
4 . 3 1 8  
4 . 5 7 2  
4 .826  
5 . 0 8 0  
5 . 7 1 5  
6 . 3 5 0  
6 .985  
7 . 6 2 0  
8 . 2 5 5  
8 .890  
9 . 5 2 5  
1 0 . 1 6 0  
1 0 . 7 9 5  
1 1 . 4 3 0  
1 2 . 0 6 5  
1 2 . 7 0 0  
1 3 . 3 3 5  
1 3 . 9 7 0  
1 4 . 6 0 5  
1 5 . 2 4 0  
1 5 . 8 7 5  
1 6 . 5 1 0  
1 7 . 1 4 5  
1 7 . 7 8 0  
1 8 . 4 1 5  
1 9 . 0 5 0  
1 9 . 6 8 5  
20 .320  
20 .955  
21 .590  
22 .225  
22 .860  
23 .495  
24 .130  
2 4 . 7 6 5  
25 .400  
26 .035  
26.6'70 
27 .305  
27 .940  
28 .575  
29 .210  
29 .845  
30 .480  
U 
( W S )  
-0 .18  
-0 .32  
-0 .74  
-0 .90  
-0 .82  
-0 .75  
-0 .76  
-0 .36  
-0.46 
-0 .45  
- 0 . 5 1  
-0 .30  
-0 .36  
-0 .15  
-0.10 
0 .06  
0 . 2 0  
0 . 1 7  
0 . 1 7  
0 . 3 9  
0 . 5 7  
0 . 9 1  
1 . 2 6  
1 . 5 1  
1 . 8 5  
2 .06  
2 .38  
2 . 7 1  
2.96 
3 . 4 5  
3 . 7 1  
4 . 1 8  
4 .96  
5 .24  
5 . 9 8  
6 . 3 0  
6 . 7 3  
7 .11  
7 . 7 7  
8 . 2 1  
8 . 7 9  
9 . 3 1  
9 . 9 9  
1 0 . 5 3  
1 1 . 5 8  
1 2 . 4 1  
13 .10  
1 4 . 0 5  
1 4 . 7 3  
1 5 . 7 7  
1 6 . 6 3  
1 7 . 5 0  
1 8 . 3 3  
19 .33  
20 .36  
21 .24  
22 .29  
23.50 
2 4 . 4 8  
25 .14  
- - . -- - - .- - __ - - - - - - - - - - 
T u r b u l e n c e  
Intensity 
0 . 0 4 0  
0 .066  
0 . 1 0 6  
0 .127  
0 . 1 2 5  
0 . 8 4 8  
0 . 2 6 5  
-0 .075  
0 . 0 2 0  
0 . 1 1 8  
0.009 
0 - 054 
0 . 0 3 3  
-0 .094  
0 057 
-0 .019  
-0 .044  
-0 .004  
-0.002 
-0 .278  
0 . 1 7 0  
0 . 0 7 0  
-0 .138  
0 .179  
0 . 1 7 3  
0 . 1 3 8  
0 . 1 2 5  
0 .118  
- - . - - - - - - - - - - - - - - - 
0 . 1 2 8  
0 . 1 2 5  
0 . 1 2 3  
0 . 1 1 9  
0 . 1 2 2  
0 . 1 2 2  
0 - 1 2 5  
0 .124  
0 . 1 2 5  
0 . 1 3 0  
0 . 1 2 8  
0.130 
0 . 1 3 5  
0 . 1 3 9  
0 . 1 4 1  
0 . 1 4 2  
0 .142  
0 .147  
0 . 1 5 1  
0 .147  
0 . 1 5 2  
0 . 1 5 2  
0 . 1 5 2  
0 . 1 5 6  
0 . 1 5 5  
0.153 
0 . 1 5 2  
0 . 1 5 3  
0 . 1 4 8  
0 . 1 4 1  
0 . 1 3 6  
0 .127  
T a b l e  55. Reconstructed Boundary 1.ayc.r ;it 0 4 . 9 2  Cliord o n  t I i c )  S u c L  i o n  S i i r f acc  
100 
31 .115  
31 .750  
33 .020  
34 .290  
3 5 . 5 6 0  
36 .830  
32 .385  
38 .100  
39 .370  
4 0 . 6 4 0  
41 .910  
43 .  i a o  
T a b l e  55. (Con t inued)  
26 .07  
27 .04  
2 7 . 5 5  
27 .96  
28 .68  
29 .24  
2 9 . 5 1  
29 .56  
29 .70  
2 9 . 7 1  
29 .76  
2 9 . 7 1  
0 . 1 2 5  
0 . 1 0 5  
0 . 1 0 0  
0 . 0 9 0  
0 . 0 7 1  
0 . 0 4 9  
0 . 0 3 8  
0 . 0 3 0  
0 . 0 2 3  
0 . 0 2 2  
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( m / s  ) 
4 9 . 2 3  
24.78 
19.68 
18 .37  
?4.7% 1 










Table 58. Perry-Schofield Similiarity Variables for the Suction 





-63 .500  
-62 .230  
-60 .960  
-59 .690  
-58 .420  
-57 .150  
-55 .880  
-54 .610  
-53 .340  
-52 .070  
-50 .800  
-49 .530  
-48 .260  
-46 .990  
-45 .720  
-44 .450  
-43 .180  
-41 .910  
-40 .640  
-39 .370  
-38 .100  
-37 .465  
-36 .830  
-36 .195  
-35 .560  
-34 .925  
-34 .290  
-33 .655  
-33 .020  
-32 .385  
-31 .750  
-31 .115  
-30 .480  
-29 .845  
-29 .210  
-28 .575  
-27 .940  
-27 .305  
-26 .670  
-26 .035  
-25 .400  
-24 .765  
-24 .130  
-23 .495  
-22.860 
-22 .225  
-21 .590  
-20 .955  
-20 .320  
-19 .685  
-19.050 
-17 .780  
-17 .145  
-16 .510  
-15 .875  
-15 .240  
-14 .605  
-13.970 
-13 .335  
-18.415 
28 .98  
2 9 . 0 0  
23 .02  
2 9 . 1 1  
29.07 
2 9 . 0 1  
29 .08  
2 9 . 1 1  
29 .13  
29 .16  
29 .13  
29.27 
29 .19  
29.26 
29 .22  
29 .28  
2 9 . 2 1  
29 .05  
28 .66  
28 .05  
26.84 
26 .16  
25.24 
24 .32  
23.29 
22.06 
21 .09  
20 .05  
1 8 . 8 7  
17 .84  
1 7 . 1 5  
1 6 . 0 7  
1 5 . 0 7  
1 3 . 9 7  
1 3 . 3 0  
1 2 . 3 7  
1 1 . 5 1  
1 0 . 5 6  
9 .53  
8 . 9 2  
8 . 3 2  
7 .57  
6 .87  
6 . 3 5  
5 .54  
4 .99  
4 . 3 3  
3 .96  
3 .37  
2 .83  
2.22 
1 . 9 0  
I.. 5 1  
1 . 0 8  
0 . 6 5  
0 .40  
0 . 1 1  
- 0 . 1 4  
-0 .37  
- - 0 . 6 3  
- 
Turbul.enc-e 
I n  ten si  ty 
0 . 0 1 9  
0 . 0 1 9  
0 . 0 2 1  
0 . 0 2 0  
0 . 0 2 1  
0 0 2 0  
0 .020  
0 . 0 2 1  
0 . 0 2 0  
0 . 0 2 2  
0 . 0 2 2  
0 . 0 2 3  
0 . 0 2 7  
0 .027  
0 . 0 3 3  
0 .036  
0.030 
0 .051  
0 . 0 6 8  
0 .082  
0.105 
0 .117  
0 . 1 3 1  
0 . 1 4 0  
0 .147  
0 . 1 5 1  
0 . 1 6 2  
- - - - - - - - - - - - - - - - - . - 
0 . 1 6 7  
0 . 1 7 3  
0 . 1 6 9  
0 .164  
0 . 1 6 8  
0 . 1 7 0  
0 . 1 6 7  
0 . 1 6 5  
0 . 1 6 3  
0 .166  
0 . 1 6 6  
0 . 1 6 8  
0 . 1 6 6  
0 . 1 6 5  
0 . 1 6 5  
0 . 1 6 7  
0 . 1 6 4  
0 . 1 6 5  
0 . 1 6 8  
0 .167  
0 . 1 6 7  
0 . 1 6 8  
0 . 1 6 5  
0 . 1 6 1  
0 . 1 6 2  
3.159 
0 . 1 6 5  
0 .177  
-0 .217  
-0 - 072 
0 . 2 4 8  
0 .  l G 4  
0.18*/ 
































































1 .17  
4.50 
8.65 
14 .29  
20.46 























































0 . 0 2 1  
0 .020  
0 . 0 2 1  
0 . 0 2 1  
0 .022  
0 .022  
0 . 0 2 1  
0 . 0 2 1  
0 .022  
0 .021 
0 . 0 2 1  
0 . 0 2 1  
0 . 0 2 1  
0.020 
0 . 0 2 1  
0 .020 
0 . 0 2 1  









Y U Turbulence 
Intensity _ -  _ _  (m/s) -------_____________-------------------------------------------- 
-66.040 28.78 0 .023 
-64.770 28.82 0 .023 
-63 .500 28.90 0 .023  
-62 .230 28.88 0 .024 
-60.960 28.90 0 .024 
-59.690 28.90 0 .023 
-58.420 28.87 0 . 0 2 5  
-57.150 28 .91  0 .026  
-55.880 28.98 0 .026 
-54.610 29 .01  0 .026  
-53.340 29.08 0 . 0 2 8  
-52 .070 28.95 0 .027  
-50.800 28.95 0 . 0 3 9  
-49.530 28.94 0 .012  
-48.260 2 8 . 9 1  0 .044 
-46.990 28.79 0 - 053 
-45.720 28.30 0 . 0 7 1  
-44.450 27.43 0 . 0 9 8  
-43.815 27.39 0 .098  
-43.180 26.65 0 . 1 1 0  
-42.545 25.87 0 .127 
-41.910 25.42 0 .129 
-41.275 24 .41  0 .143 
-40.640 23.87 0 .152  
-40.005 22.62 0 .159  
-39.370 2 1  .) 47 0 . 1 6 9  
-38.735 20.80 0 .175 
-38.100 19.53 0 .176  
-37.465 18 .90  0 .175 
-36.830 17.85 0 .183 
-36.195 16.84 0 .183 
-35.560 1 6 . 1 1  0 .187 
-34.925 14 .90  0 . 1 9 1  
-34.290 13.85 0 .195  
-33.655 13.39 0 .186 

























1 1 . 5 1  
10.57 
9.94 
8 . 9 1  
7 .98  
7 .52  
6 .65  
6.34 




3 .05  
2 . 8 1  
2.15 
1 .57  
1 .25  





-0 .79  
- 1.. 28 
0 . 1 9 0  
0.197 
0 .188  
0 . 1 9 1  
0 .187 
0 .187 
0 . 1 9 1  
0 .190  
0 . 1 8 9  
0 .186 
0 .190  
0 .193  
0 .185 
0 .185 
0 . 1 8 8  
0 .179  





0 . 2 4 1  
0 .173  
0. 14‘5 
108 
-17 .145  
-16 .510  
-15 .875  
-15 .240  
-14 .605  
-13 .970  
-13 .335  
-12 .700  
-12 .065  
-11 .430  
-10 .795  
-10 .160  
-9 .525  
-8 .890  
-8 .255  
-7 .620  
-6 .985  
-6 .350  
-5 .715  
-5 .080  
-4 .445  
-3 .810  
-3 .175  
-2 .540  
-1 .270  
0 . 0 0 0  
1 . 2 7 0  
2 .540  
3 . 8 1 0  
5 . 0 8 0  
6 . 3 5 0  
7 . 6 2 0  
8 .890  
1 0 . 1 6 0  
11 .430  
1 2 . 7 0 0  
1 3 . 9 7 0  
1 5 . 2 4 0  
16.510 
1 7 . 7 8 0  
1 9 . 0 5 0  
20 .320  
21 .590  
22 .860  
24 .130  
-1 .52  
-1 .86  
-1.86 
-2 .10  
-2 .36  
- 2 . 4 4  
-2 .36  
-2 .46  
- 2 . 4 1  
- 2 . 3 1  
-2 .03  
-1 .39  
-0 .62  
0 .56  
2 .14  
4 . 2 3  
6 . 6 1  
9 .14  
1 2  - 56 
16  - 37 
20 .54  
23 .97  
26 - 46 
2 7 . 9 1  
29 .24  
2 9 . 4 1  
29 .45  
29.44 
2 9 . 3 1  
29 .22  
29.20 
29 .17  
2 9 . 1 1  
29.04 
28 .93  
28 .93  
28 .90  
28 .75  
28 .79  
2 8 . 7 3  
2 8 . 7 1  
2 8 . 7 1  
2 8 . 6 1  
28 .65  
2 8 . 5 9  
0 . 1 4 0  
0 .137  
0 .134  
0 . 1 2 6  
0 . 1 2 1  
0 . 1 1 1  
0 . 1 1 0  
0 . 1 0 9  
0 . 1 0 7  
0 . 1 0 2  
0 . 1 0 3  
0.105 
0 . 1 2 3  
0 . 4 4 2  
0 .137  
0 . 1 4 1  
0 . 1 5 0  
0 . 1 6 2  
0 . 1 7 4  
0 . 1 7 8  
0 . 1 6 9  
0 . 1 4 2  
0 . 1 0 8  
0 . 0 8 1  
0 . 0 4 8  
0 . 0 4 3  
0 . 0 3 1  
0 .024  
0 .024  
0 . 0 2 2  
0 .024  
0 . 0 2 4  
0 . 0 2 3  
0 . 0 2 3  
0 . 0 2 3  
0.023. 
0 . 0 2 3  
0 . 0 2 3  
0 . 0 2 4  
0 . 0 2 3  
0 . 0 2 3  
0 .024  
0 .024  
0 . 0 2 3  
0.023 
Table  60. (Cont inued)  
109 
- - - - - - - - - - _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - _ - -  _ -  
- 134 .137  26 .26  
-130 .962  26 .25  
-127 .787  26.15 
-124 .612  26.04 
- 1 2 1 . 4 3 7  25 .79  
- 1 1 8 . 2 6 2  25.38 
-115 .087  25.02 
-111 .912  24.60 
-108 .737  23 .77  
-105 .562  2 2 . 6 4  
- 1 0 2 . 3 8 7  22 .12  
-99 .212 2 0 . 8 1  
- 9 6 . 0 3 7  1 9 . 3 2  
- 9 2 . 8 6 2  1 8 . 0 4  
-89.687 1 6 . 3 3  
- 8 6 . 5 1 2  1 4 . 6 9  
-83 .337  1 3 . 1 7  
-80 .162  11.84 
-76 .987  1 0 . 7 4  
- 7 3 . 8 1 2  3 .69  
-70 .637  9.32 
- 6 7 . 4 6 2  9 . 1 6  
-64 .287  9 . 5 8  
- 6 1 . 1 1 2  1 0 . 6 0  
- 5 7 . 9 3 7  12 .26  
-54 .762  14 .20  
- 5 1 . 5 8 7  1 6 . 1 1  
- 4 8 . 4 1 2  1 8 . 3 3  
- 4 5 . 2 3 7  20 .22  
- 4 2 . 0 6 2  22.08 
- 3 8 . 8 8 7  23 .55  
-35 .712  24 .78  
- 3 2 . 5 3 7  25 .43  
- 2 9 . 3 6 2  25.90 
- 2 6 . 1 8 7  26.05 
-23 .012  26 .16  
- 1 9 . 8 3 7  26 .15  
-16 .662  26.17 
- 1 3 . 4 8 7  26 .14  
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